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In this letter, we have considered the universe is filled with the mixture of tachyonic field and 
scalar or phantom field. If the tachyonic field interacts with scalar or phantom field, the interaction 
term decays with time and the energy for scalar field is transferred to tachyonic field or the energy 
for phantom field is transferred to tachyonic field. The tachyonic field and scalar field potentials 
■ always decrease, but phantom field potential always increases. 
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Recent measurements of the luminosity-redshift relations observed [1, 2] for a number of newly discovered 
type la supernova indicate that at present the universe is expanding in a accelerated manner. This has given 
rise to a lot of dark energy models [3-6], which are supposed to be the reason behind this present acceleration. 
This mysterious fluid called dark energy is believed to dominate over the matter content of the Universe by 
70 % and to have enough negative pressure as to drive present day acceleration. Most of the dark energy 
models involve one or more scalar fields with various actions and with or without a scalar field potential [7]. 
The ratio w between the pressure and the energy density of the dark energy seems to be near of less than — 1, 
— 1.62 < w < —0.72 [8]. Numerous models of dark energy exist. There is much interest now in the tachyon 
cosmology [9] where the appearance of tachyon is basically motivated by string theory [10]. It has been 
recently shown by Sen [11, 12] that the decay of an unstable D-brane produces pressure-less gas with finite 
energy density that resembles classical dust. The cosmological effects of the tachyon rolling down to its ground 
state have been discussed by Gibbons [13]. Rolling tachyon matter associated with unstable D-branes has an 
interesting equation of state which smoothly interpolates between —1 and i.e., — 1 < w < 0. As the Tachyon 
on : field rolls down the hill, the universe experiences accelerated expansion and at a particular epoch the scale 
factor passes through the point of inflection marking the end of inflation [10]. The tachyonic matter might 
provide an explanation for inflation at the early epochs and could contribute to some new form of cosmological 
dark matter at late times [14]. Inflation under tachyonic field has also been discussed in ref. [9, 15, 16]. Also 
the tachyon field has a potential which has an unstable maximum at the origin and decays to almost zero as 
the field goes to infinity. Depending on various forms of this potential following this asymptotic behaviour a lot 
of works have been carried out on tachyonic dark energy [6, 17]. Sami et al [18] have discussed the cosmological 
prospects of rolling tachyon with exponential potential. 
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The phantom field (with negative kinetic energy) [19] was also proposed as a candidate for dark energy as 
it admits sufficient negative pressure (w < —1). One remarkable feature of the phantom model is that the 
universe will end with a "big rip" (future singularity). That is, for phantom dominated universe, its total 
lifetime is finite. Before the death of the universe, the phantom dark energy will rip apart all bound structures 
like the Milky Way, solar system, Earth and ultimately the molecules, atoms, nuclei and nucleons of which we 
are composed. 

To obtain a suitable evolution of the Universe an interaction is often assumed such that the decay rate 
should be proportional to the present value of the Hubble parameter for good fit to the expansion history of 
the Universe as determined by the Supernovae and CMB data [20] . These kind of models describe an energy 
flow between the components so that no components are conserved separately. There are several work on 
the interaction between dark energy (tachyon or phantom) and dark matter [21], where phenomenologically 
introduced different forms of interaction term. 

Here, we consider a model which comprises of a two component mixture. Here we are interested in how 
such an interaction between the tachyon and scalar or phantom dark energy affects the evolution and total 
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lifetime of the universe. We consider an energy flow between them by introducing an interaction term which is 
proportional to the product of the Hubble parameter and the density of the tachyonic field. 

The metric of a spatially flat isotropic and homogeneous Universe in FRW model is 

ds 2 = dt 2 - a 2 (t) [dr 2 + r 2 (d6 2 + sin 2 6d(j) 2 )] (1) 

where a(t) is the scale factor. 

The Einstein field equations are (choosing 8ttG = c = 1) 

■iH 2 = p tot (2) 

and 

6(H + H 2 ) = -(ptot + 'iptot) (3) 

where, p to t and p to t are the total energy density and the pressure of the Universe and H = | is the Hubble 
parameter. 

The energy conservation equation is 

ptot + 3H{p tot +p tot ) =0 (4) 

Now we consider a two fluid model consisting of tachyonic field and scalar field (or phantom field). Hence 
the total energy density and pressure are respectively given by 

Ptot = Pi + P2 (5) 

and 

Ptot =Pl+P2 (6) 

The energy density pi and pressure pi for tachyonic field (f>i with potential Vi(<fii) are respectively given by 
and 



pi = -Wi)\A-<^ ( 8 ) 



The energy density pi and pressure P2 for scalar field (or phantom field) (f>2 with potential Vi{^2) are respec- 
tively given by 



P2=o*2 + W2) (9) 



and 



P2= g ^2-^(<fe) (10) 



where, e = 1 for scalar field and e = — 1 for phantom field. 
Therefore, the conservation equation reduces to 

Pi + 3H(p 1 +Pi) = -Q (11) 
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and 



P2 + 'iH{ P 2+P2) =Q 



(12) 



where, Q is the interaction term. For getting convenience while integrating equation (11), we have chosen 
Q = 3SHpi where 5 is the interaction parameter. 



Now eq.(ll) reduces to the form 



V X 1 



■3H(S + 4>1) = 



(13) 



Here V\ is a function of <j)\ which is a function of time t. Naturally, <j)\ will be a function of time t and hence 
it is possible to choose V\ as a function of <j)\. Now, in order to solve the equation (13), we take a simple form 

of Vi = ( 1 — <t>\ J , (m > 0) [22] , so that the solution of <j>\ becomes 
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where c is an integration constant. The potential V\ of the tachyonic field (pi can be written as 



Vl = 



So from equations (2) and (3), we have 
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and 



V 2 = H + 3H 2 



Now eq.(12) can be re- written as 
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V 2 + e4> 2 4> 2 + 2>H{e(j) 2 2 - Spi) = 
Now putting the values of <f>2 and V2, the eq.(18) is automatically satisfied. 
Now for simplicity, let us consider V 2 = n^, so from the above equation (17) we have 
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Figs. 1, 2, 3 and 4 show variations of pi, p2, H and q respectively with redshift z and figs. 5, 6 show variations of V\ 
with 4>\, V% with 4>2 respectively for e = +1, n — 2,5 — —0.05, m = c = cl = 1. 



Figures 1-6 are drawn for scalar field model with 8 = —0.05 and figures 7-12 are drawn for phantom model 
with S = —0.05. Figs. 1-4 show the variations pi, p2, H, Q with redshift z and figs. 5, 6 show the variations 
of V\ with <pi, V-2 with 02 respectively for scalar field model. Figs. 7-10 show the variations pi, p2, H, Q 
with redshift z and figs. 11, 12 show the variations of V\ with <f)±, V% with (f>2 respectively for phantom model. 
For scalar field model p\ , p2, H, Q decrease with decreasing z but for phantom model p\ , p2, H decrease first 
and then increase with decreasing z and Q decreases with decreasing z. The tachyonic field and scalar field 
potentials always decrease, but phantom field potential always increases. For scalar field model (e = +1) and 
phantom phantom field model (e = —1), 6 may be negative due to positivity of So from equations (11) 
and (12), it may be concluded that the energy for scalar field will be transferred to tachyonic field the energy 
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Figs. 7, 8, 9 and 10 show variations of p%, p2, H and q respectively with redshift z and figs. 11, 12 show variations of 
Vi with 0i, V2 with 4>2 respectively for e = —1, n — 2,5 — —0.05, m = c = cl = 1. 



for phantom field will be transferred to tachyonic field. In both the cases, the interaction term is decays with 
time. Figures 13 - 16 are generated taking 6 = 0. Comparing figures 5, 6, 11 and 12 with figures 13, 14, 15 and 
16, we have seen that interaction does not have any significant impact on the variations of potentials against 
fields. This may be due to the fact that interaction is very small. 
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